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The forces that have shaped the evolution of human genomes are now coming into sharp
focus. This issue’s Select explores recent discoveries that change our view of how our genomes
became what they are—from the impact of interbreeding between ancient modern humans and
Neanderthals to evidence that rates of de novo mutation may be subject to large variation between
individuals.Emerging evidence suggests that
Eurasian genomes have been shaped
by interbreeding of ancient modern
humans with archaic human species,
such as Neanderthals.Gene Hunter Gatherers
Ancient modern humans interbred with archaic humans including Neanderthals,
acquiring genes aiding survival in lands far from their African origin. This is the
larger narrative revealed by the work of Peter Parham and colleagues (Abi-Rached
et al., 2011), who examined the frequency and geographic distribution of polymor-
phic alleles of human leukocyte antigen (HLA) class I genes in moderns humans and
their occurrence in Neanderthals (found in Europe) and their sister group the
Denisovan (who lived in Asia). HLA genes encode molecules that present antigens
to T cells and natural killer cells and thus have key roles in immune surveillance
against pathogens. The authors show that Neanderthal and Denisovan alleles of
HLA class I genes are widespread in modern humans throughout Eurasia but
rare or absent in Africa. These alleles have the opposite patterns of linkage
and diversity to those spreading from Africa. From this analysis they conclude
that admixture with Neanderthals and Denisovans greatly shaped the immune
systems of ancient modern humans following their migration out of Africa and
may have conferred survival advantages against local pathogens. Thus, it
seems that, having left Africa 200,000 years after the Neanderthal/Denisovan
ancestors, the newcomers reaped the genetic benefits of their predecessors’
extensive experience.
Abi-Rached, L., et al. (2011). Science. Published online August 25, 2011. 10.1126/
science.1209202.African Hotspots
A more recent admixture occurred in the Americas between people of European and African ancestries. By examining
sites of recombination in the genomes of 30,000 African Americans, Hinch et al. (2011) provide a detailedmap of cross-
over frequency with surprising results. At large size scales (>3 Mb), most of the recombination events match up with
those previously reported in studies of European genomes. However, at smaller size scales, the authors find 2,500
hotspots that are predominantly active in West Africans. A closely related study by Berg et al. (2011) similarly demon-
strates the existence of these hotspots from a survey of Hap-Map genotype data and subsequent analysis of meiotic
recombination crossover events in sperm from African and European males. Both groups provide evidence that this
striking variability between African and non-African populations is due to different alleles of PRDM9, a gene encoding
a DNA-binding histone methyltransferase, which is expressed during meiosis and involved in recombination. Further
analysis of the enriched hotspots shows that they often contain a 17 bp DNA sequence, which is predicted to bind
the alleles of PRDM9 commonly found in Africans. These findings indicate that recombination frequency and location
are more variable than previously thought. Future work may confirm the prediction that the risk of disease-causing
genomic rearrangements is higher in individuals carrying these particular PRDM9 alleles or may delve further into
why the 17 bp motif is singled out by particular PRDM9 variants.
Berg, I.L., et al. (2011). Proc. Natl. Acad. Sci. USA 108, 12378–12383.
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Heatmap showing the time to the most recent
common ancestor along a chromosomal region.Squeezing More out a Genome
Much information is hidden within our genomes. From the analysis of
individual genomes, Li and Durbin (2011) have devised a clever
approach for inferring the history of human population size, which is
thought to have undergone major bottlenecks at key transition points.
Their analysis relies on the uneven distribution of alleles that are hetero-
zygous between the two copies of our diploid genomes. A high density of
heterozygous sites in a given region indicates that the most recent
common ancestor for that locus resides deeper in the past, whereas
a region that has a low density of heterozygous sites points to a more
recent common ancestor. By analyzing this distribution across hundreds of thousands of loci, the authors show that
it is possible to infer how effective population size has varied over time. Their results are consistent with the notion
that non-Africans experienced a significant bottleneck between 10 and 60 thousand years ago, coincident with their
founders’ departure from Africa. Meanwhile, African populations also experienced a bottleneck, but one that was
less severe in both duration and extent. Further analysis suggests that although African and non-African populations
began their separation 60,000 years ago, considerable genetic exchange might have continued up until 20,000
years ago. Future developments of the analysis, with possible adjustments to the parameters used for mutation rate
and generation time, may refine this picture and thus further contribute to a coalescence of views about human prehis-
tory. The approach is also applicable to any diploid genome, thus providing a valuable new tool for the fields of evolu-
tion, ecology, and paleobiology.
Li, H., and Durbin, R. (2011). Nature 475, 493–496.Both Parents Are to Blame
De novo mutations are increasingly viewed as a major cause of sporadic disease. Although it has long been assumed
that the male germline is more prone to de novo mutations than is the female germline due to the large number of cell
divisions involved in sperm production, high-throughput sequencing of entire families nowmakes it possible to test this
supposition. Recent work by Conrad et al. (2011) takes a first step toward determining the degree to which de novo
mutations occur, and their findings suggest that rates could vary greatly between individuals and families. To do
this, they sequenced the full genomes of two pairs of parents and their offspring. Between the two families, the number
of germline de novomutations in the offspring were of the same order of magnitude (49 and 35, respectively, for the two
offspring tested), whereas a much larger number of non-germline de novo mutations were acquired (although some of
thesemay have occurred in the culturing of the lymphoblast cell lines used as the tissue source). The biggest surprise is
that in one family, most of the de novo mutations were inherited paternally (92%), whereas in the other, the majority
were maternal (64%), suggesting that individual variance could be quite large. The findings thus offer a tantalizing
glimpse of what might be found in larger-scale studies, which could be especially revealing in establishing the conse-
quences of maternal and paternal age on the prevalence of de novo mutations.
Conrad, D.F., et al. (2011). Nat. Genet. 43, 712–714.
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